Abstract -The objective of this work was to evaluate the large-scale propagation of grapevine genotypes after short-term storage in vitro. Microshoots from ten grapevine genotypes were used. The following storage temperatures were evaluated: 10, 20, and 25°C. After short-term storage, the shoots were propagated in up to five successive subcultures, to assess the large-scale propagation of the germplasm maintained under conditions of minimal growth. The propagated shoots were rooted in different concentrations of indolbutiric acid (IBA) and acclimatized in greenhouse. The best temperature for short-term storage in vitro and survival of the genotypes was 20°C. In the propagation phase, the highest number of shoots per explant was found in the subcultures 4 and 5, with averages of 4.9 and 4.8 shoots per explant, respectively. In the rooting phase, the best results for number of roots were obtained using a culture medium supplemented with 0.4 µmol L -1 of IBA, with an average of three roots per shoot. During the acclimation phase, a survival rate higher than 95% was achieved after 30 days in the greenhouse. Grapevine genotypes maintained for six months in vitro, at 20 o C, can be micropropagated in large scale.
Introduction
The family Vitaceae has about 900 species grouped into 14 genera, among which only Vitis produces edible fruit. Species of American (Vitis labrusca L.) and European (Vitis vinifera L.) origins stand out for their high economic value in two different markets: wine and table grape production. Europe is responsible for approximately 39% of the global production, followed by Asia (32%), the Americas (20%), Africa (6%), and Oceania (3%). In 2010, the Brazilian viticulture had a production area of 79,970 ha, yielding 1,305,670 tons of grapes (Food and Agriculture Organization of the United Nations, 2010).
However, Brazilian and global production have encountered problems, mainly related to the occurrence of pests, which are causing a gradual decline in the productive vitality of the plants (Skiada et al., 2009) . Consequently, some species are being included in germplasm banks to maintain the genetic diversity necessary for plant breeding programs (Schuck et al., 2011) .
The genetic diversity of perennial plants, including grapevines, is usually sampled and maintained as live plants in field gene banks (Santana et al., 2008; Leão & Motoike, 2011) . These collections are constantly in danger of being lost by exposure to environmental adversity, pest attacks, propagation issues, and frequent budget constraints, not to mention their potential to spread pests and diseases, which are important barriers to germplasm exchange (Engelmann, 2009) .
Biotechnological strategies, based on concepts of in vitro plant cell, and tissue and organ culture have been developed as an alternative and an ancillary measure in response to the problems related to the conservation of plant germplasm in the field (Scherwinski-Pereira & Costa, 2010; Vasanth & Vivier, 2011) . These techniques also have the potential to overcome some of the limitations inherent to conventional methods of conservation ex situ, and to facilitate the exchange of pest-free germplasm with other research institutions (Ray & Bhattacharya, 2010) .
In vitro culture under low, but above freezing temperatures (between 4 and 20 o C), has been effective for the conservation of various fruit species. In general, tropical fruit species are more sensitive to storage temperatures below 15 o C than temperate-zone species. Temperate crops, such as raspberry, blackberry, apple, and pear, can be conserved at temperatures above 4 o C with relative success (Scherwinski-Pereira & Costa, 2010) .
A crucial requirement for the success of in vitro conservation is the development of efficient protocols for micropropagation, since the existence of well-established propagation and regeneration protocols is decisive for the subsequent recovery, use, and exchange of conserved germplasm (Wang et al., 2004; Scherwinski-Pereira & Costa, 2010) . Some authors have reported the potential of the regeneration and plantlet production of grape (Biasi et al., 1998; Mhatre et al., 2000) . However, studies on this potential following a period of in vitro maintenance are virtually non-existent in the literature.
The objective of this work was to evaluate the large-scale propagation of grapevine genotypes after short-term storage in vitro.
Materials and Methods
The experiments were carried out at the tissue culture and in vitro conservation laboratory of Embrapa Recursos Genéticos e Biotecnologia, Brasília, DF, Brazil, between 2007 and 2008 . Approximately 1.0-cm long microshoots, with one axillary bud and one lateral leaf, were taken from a total of ten grape genotypes: six V. vinifera genotypes ('Brasil', 'Flora', 'Sun Red', 'Emperor', 'Pinotage', and 'Zinfandel'), two V. labrusca genotypes ('Videira 889' and 'Goethe'), and two hybrids ('Baco Blanc' and 'Paulistinha'). The explants were placed in test tubes (25x150 mm) containing WPM culture medium (Lloyd & McCown, 1980) and a 12-hour photoperiod. The in vitro storage period was six months, and the following variables were measured monthly: survival percentage, shoot height (cm), number of buds, and growth rate (%). The experimental design was a completely randomized block, in a 3x10 factorial arrangement (three temperatures x ten genotypes), with six replicates, each unit consisting of a test tube with one shoot. After the in vitro storage period, nodal segments of four V. vinifera genotypes ('Brasil', 'Sun Red', 'Pinotage', and 'Zinfandel'), two V. labrusca genotypes ('Videira 889' and 'Goethe'), and two hybrids ('Baco Blanc' and 'Paulistinha') were used as the source of explants to be assessed for large-scale in vitro propagation. The segments had about 1.0 cm long, with one axillary bud, and were taken from the best maintenance temperature group.
For the in vitro propagation phase, a ½MS culture medium supplemented with sucrose (20 g L -1 ), benzylaminopurine (BAP, 4.4 µmol L -1 ), and naphthaleneacetic acid (NAA, 0.05 µmol L -1 ), solidified with agar (7.0 g L -1 ), was used. The explants were subjected to five successive subcultures in a growing room, with fluorescent light and a photon flux of approximately 38 μmol s -1 m -2 , at 25±2°C, under a 16-hour photoperiod. In each 35-day subculture, the proliferation rate and the number and height of the shoots were evaluated. The experimental design was a completely randomized block in a 8x5 factorial arrangement (eight genotypes x five subcultures), with 15 replicates. Each replicate consisted of a test tube with one shoot.
After the large-scale propagation, three genotypes ('Goethe', 'Baco Blanc', and 'Zinfandel') were randomly selected for the rooting phase. Microshoots taken from the proliferation phase were placed in 250-mL flasks containing 40 mL of MS (Murashige & Skoog, 1962) culture medium supplemented with different concentrations of indolbutiric acid (IBA, 0, 0.2, 0.4, 2.4, and 4.9 µmol L -1 ). The rooting percentage and the number of roots were evaluated after 45 days. The experimental design was a completely randomized block in a 3x5 factorial arrangement (three genotypes x five concentrations of IBA), with four replicates.
Once rooted, the plants were removed from the growth flasks and the roots were washed in running water to remove excess growth medium. Subsequently, the plantlets were placed in 250-mL plastic glasses filled with Plantmax substrate. Finally, the plants were transferred to a greenhouse with Sombrite protective screens (at least 50% light interception), where they remained for up to 30 days, when the survival percentages were determined. A sprinkler irrigation system, with sprinklers located approximately 1.5 m from the plant material, was used to hydrate the plantlets. Irrigation was triggered by a digital timer at 6-hour intervals for a total of 15 min. No phytosanitary or fertilization treatment was performed on the plantlets during the incubation period in the greenhouse nursery.
Data were subjected to analysis of variance, followed by the Tukey test, at 5% probability. The data obtained by count (number of roots and number of shoots and buds) were transformed according to (x + 0.5) 0.5 , whereas the data obtained by percentage were transformed by the arcsine (x/100) 0.5 .
Results and Discussion
There was significant interaction between temperature and genotypes regarding height variables (cm), percentage growth, number of buds, and explant survival during the six-month in vitro conservation period. At 10 o C, all the evaluated genotypes showed weak development, which later resulted in plant death. Genotypes maintained at 25 o C had an average height of 12.4 cm and a growth percentage of 1,167.5%, which differed significantly from the explants maintained at 20 o C, with an average height of 11.1 cm and a growth rate of 973.2% (Table 1) . These results indicate that reducing the temperatures from 25 to 20 o C was effective for short-term in vitro storage of the grape genotypes. Temperature reduction is one of the first factors to be tested for in vitro conservation of a species. However, for each species, there is a limit that allows growth to be For the 'Brasil' genotype, no explant death occurred at either temperature. The 'Baco Blanc' genotype had a low explant survival rate at 25 o C, with an average of only 20%, which differed significantly from the explants maintained at 20 o C, with an average of 80% survival. In the other genotypes analyzed, temperature did not affect survival. Divakaran et al. (2006) , in studies of in vitro conservation of V. planifolia, achieved a survival rate of 80% after 12 months of conservation.
According to Scherwinski-Pereira & Costa (2010), the temperature for tropical climate species should be reduced to slow down the growth of explants cultivated in vitro. In the present study, a reduction of 5 o C in temperature slowed growth, allowing the storage and the survival of the explants. A lower temperature (10 o C) caused explant death, whereas a higher temperature (25 o C) resulted in an accentuated drop in the survival rate, making it unviable to maintain the explants for a long period, due to the excessive shoot growth and death.
There was a significant interaction between genotypes and subcultures regarding the number of shoots and buds formed when large-scale micropropagation was done ( Table 2 ). The highest number of shoots was verified in the subcultures 4 and 5, with averages of 4.9 and 4.8 shoots per explant, respectively. The induction of bud growth is a characteristic of BAP. Similar results were observed in cultivars of Vitis, with a culture medium supplemented with 4.0 µmol L -1 of BAP (Skiada et al., 2009 ). Alizadeh & Singh (2009) also reported multiple shoots in the in vitro culture of grapevines, especially with BAP concentrations of 2.0 mg L -1 . No significant differences were observed between the genotypes 'Baco Blanc' and 'Pinotage' in terms of the number of shoots in the various subcultures analyzed. However, the other genotypes showed fewer shoots in the subcultures 1 and 2, with averages of 2.3 and 2.6 shoots per explant, respectively. There was also a significant increase from the third subculture on. A similar effect was observed by Machado et al. (2006) in the in vitro propagation of grapevines. These authors found a significant increase in the number of shoots among subcultures treated with phytohormones, indicating the need to test a minimum Table 2 . Number of shoots and buds per explant of grapevine genotypes after six months of in vitro storage, followed by five successive subcultures (Subc.) (1) . of three subcultures to obtain better results in the mass propagation of the species. The hybrids showed different responses from the third subculture on. The 'Paulistinha' genotype had a higher shoot production than the 'Baco Blanc' one, with averages of 5.3 and 2.5 shoots per explant, respectively. Bernd et al. (2007) , while evaluating grapevine hybrids, obtained an average of 4.9 shoots per explant in a culture medium supplemented with 3.0 µmol L -1 of BAP. Torregrosa & Bouquet (1995) , in a study with different grapevine hybrids, observed that a concentration of 4.4 µmol L -1 of BAP resulted in better rates of multi-budding. Skiada et al. (2009) , when assessing Vitis spp. cultivars, defined BAP concentrations between 4.0 and 16 µmol L -1 as optimum for in vitro propagation of the species, and between 0.5 and 1.0 µmol L -1 as optimum for the production of shoots with greater above-the-ground height. These authors concluded that higher concentrations of BAP retard explant growth and favor better shoot production.
At the concentration of BAP used in the present study, symptoms of vitrification were observed in some shoots. This is a common problem encountered in grapevine in vitro cultivation, especially with high concentrations of BAP. According to Heloir et al. (1997) , BAP concentrations must be adapted to each cultivar, optimizing the process to obtain good quality shoots with minimum vitrification, even if it means lower propagation rates, since subsequent phases of rooting and acclimatization depend on the good physiological condition of the shoots.
A larger number of buds, from the third subculture on, was observed in the genotypes 'Videira 889' and 'Paulistinha', when compared to the other ones, with an average of 10.4 and 10.7 buds per explant, respectively. The 'Brasil', 'Sun Red', 'Zinfandel', and 'Goethe' genotypes showed a significant increase in number of buds only in the fourth subculture. Machado et al. (2006) observed an increase in the number of buds in subcultures on 'VR043-43' grapevine grafting stock. Dzazio et al. (2002) obtained numbers of buds higher than that of the control group with a concentration of 1.0 µmol L -1 of BAP. The concentration of IBA had a significant effect on rooting of the genotypes (Table 3 ). The highest number of roots formed was found at a concentration of 0.4 µmol L -1 of IBA, with an average of 3.3 roots per explant, followed by the treatments at 2.4 and 4.9 µmol L -1 IBA concentrations, yielding averages of 3.0 and 2.6, respectively. These results were similar to those reported by Biasi et al. (1998) , in which the explants emitted an average of 2.8 roots on 'Jales' grafting stock. For some cultivars, the presence of auxin in the culture medium is essential for good rooting. Bernd et al. (2007) , using a culture medium supplemented with NAA at a concentration of 8.05×10
-3 µmol L -1 , observed rooting of all the plants from the propagation treatments with BAP, at concentrations of 3.5 and 10 µmol L -1 . Rhizogenesis in grapevines seems to be strongly genotype-dependent (Lewandowski, 1991) . In the present study, the 'Goethe' (V. labrusca) genotype emitted five roots per explant at a concentration of 2.4 µmol L -1 , which differed significantly from the other treatments. At a concentration of 4.9 µmol L -1 , there was no significant difference when compared to the control group (1.8 and 0.7 roots per explants, respectively). However, for the 'Baco Blanc' (hybrid) genotype, the best outcomes were obtained at the concentrations of 0.4 and 2.4 µmol L -1 , with 3.3 and 2.8 roots per explant. No significant differences were observed between the different concentrations of IBA evaluated with the 'Zinfandel' (V. vinifera) genotype (Table 3) .
Following the rooting period, rooted plants of the 'Goethe', 'Paulistinha', and 'Baco Blanc' genotypes were acclimatized. A 95.8% survival rate was achieved after 30 days planted in Plantmax substrate. These data corroborate those of Dzazio et al. (2002) , who, while working with '420-A' rootstock, obtained a 95.8% survival rate in Vermiculite and 87.50% survival rate in Plantmax. 3. Grapevine rooting can be accomplished in a MS culture medium with 0.4 μmol L -1 of indolbutiric acid, planted in Plantmax substrate and acclimatized in a nebulization chamber, with survival rates above 95%.
